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ABSTRACT 


We consider a certain J\f = 1 supersymmetric, SO(3)xSO(3) invariant, subsector of the 
dyonic ISO(7)-gauged maximal supergravity in four dimensions. The theory contains two 
scalar fields and two pseudoscalar fields. We look for stationary points of the scalar po¬ 
tential, especially the one preserving J\f = 3 supersymmetry of the original ISO(7) gauged 
theory. The M = 3 stationary point corresponding to the AdS vacuum in the D = 4 theory 
is lifted to a warped AdS^ x Xq type solution in massive type IIA supergravity. This D = 10 
background should be the dual of a certain M = 3 Chern-Simons matter theory in three 
dimensions. 



1 Introduction 


The four-dimensional SO(8) gauged maximally supersymmetric M = 8 supergravity was 
widely considered to be a unique theory, since its construction thirty years ago [T]. Inter¬ 
estingly, using embedding tensor formulation [2], it was recently discovered that the SO(8) 
gauging can be realized in a mixed electric/magnetic frame compatible with the Af = 8 
supersymmetry [3]. A new parameter commonly called u was introduced to parametrize 
the choice of the electric/magnetic frame. Inequivalent Af = 8 theories are defined by val¬ 
ues of a; in the interval 0 < w < vr/S [SHH]. This development has stimulated numerous 
studies, including its critical points [31I6HT3] and the consequences of the deformation for 
the holographic dual theory [IMT]. Through the work of [H fTSlISO] . it is proven that the 
purely electric SO(8) gauged theory can be obtained from M-theory via a consistent re¬ 
duction on However, a no-go theorem m shows that the cj-deformed SO(8) gauged 
supergravities cannot be realized via a compactihcation that is locally described by ten- or 
eleven-dimensional supergravity. This means we are not able to determine the dual CFTs by 
applying the standard AdS/CFT correspondence, whose formulation is usually 


0 


acilitated 


by the existence of a weakly coupled local supergravity theory on the bulk sidel 

Besides SO(8) gauged theory, there exist also 4D maximal supergravities with other 
subgroups of SL(8) being gauged. In this paper, we will consider the ISO(7) gauged theoryl^ 
The ISO(7) gauging can be derived from the SO(8) gauging via an Inonii-Wigner contraction 
[27] . Similar to the SO(8) case, the ISO(7) group can be dyonically gauged, giving rise to 
two inequivalent theories: the theory in the purely electric frame and the theory in a 
mixed electric/magnetic frame [5|. The former is known to be derivable from M-theory 
by a consistent reduction on 5® x T^, or from type IIA supergravity via a consistent S'® 
reduction |28|, the latter can be embedded to massive type IIA, with the Romans mass m 
being identified as the parameter of the magnetic gauging upon reduction [29|. By virtue 
of the consistency of the reduction, solutions of the ISO(7) gauged theory can be lifted to 
solutions in (massive) type IIA. Some previous work on supersymmetric AdS 4 , x Xq type 
solutions in (massive) type IIA supergravity can be found in [291I32II39] . All these solutions 
preserve at most eight supercharges, or in other words, Af = 2 supersymmetry in four 


^It is possible that the oj-deformed SO(8) gauged theories can still be embedded into string theory via a 
framework more general than supergravity, for example, double field theory with the strong section constraint 
being relaxed, following the idea of |22H24| . 

^Recent work studying maximal supergravities with other dyonic noncompact gauging can be seen in 

[25l[26]. 
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dimensions. 

In this paper we present explicitly, the first analytic AdS^ x Xq solution in massive type 
IIA preserving M = 3 supersymmetry in four dimensions. The D = 10 solution is obtained 
by lifting the J\f = 3 AdS^ solution of the D = A dyonic ISO(7) gauged supergravity. It was 
shown in [12] that the critical points in the ISO(7) gauged theory can have at most J\f = 3 
supersymmetry, and in addition to the SO(3) R-symmetry the Af = 3 point preserves an 


I 


This 


extra SO(3) symmetry. We shall denote the full symmetry group by SO(3)/j x SO(3) d 1 
subgroup is characterized by starting from SO(3)i x SO(3)2 x SO(3)3 x SO(3)4 G SO(8). The 
factor SO(3)d is then the diagonal in SO(3)i x SO(3)2 x SO(3)3, and the factor SO(3 )r 
is SO(3)4cj In fact, the Af = 3 critical point can be captured by a subsector of the full 
theory which is invariant under the SO(3)ij x SO(3 )d subgroup of ISO(7) [T3lllD]. To 
obtain the Af = 3 critical point, we truncate the IS0(7) gauged maximal supergravity 
to its scalar subsector invariant under S0(3)i{ x S0{3)d- The truncated theory preserves 
Af = 1 supersymmetry, and it encompasses the scalar sectors invariant under SO(7) and 
G 2 as special cases. The Af = 3 critical point appears to be a nonsupersymmetric solution 
of the truncated theory, however preserves Af = 3 supersymmetry of the original Af = 8 
theory. Besides the Af = 3 critical point, we also found a single Af = 1, G 2 -invariant point 
and three Af = 0 critical points, of which the G 2 -and S0(3)ij x S0(3)£)-invariant points 
are stable, while the S0(7) invariant point is unstable. The G 2 and S0(7)-invariant point 
is previously known in [7], where the G 2 and S0(7)-invariant points in T) = 4 maximal 
supergravities with all gaugings are listed. We then uplift the Af = 3 critical point as well 
as the G 2 -invariant, AA = 1,0 critical points to massive type IIA supergravity using the 
uplift formulas given in |29j . 

This paper is organized as follows. In Sec. E] we briefly review the ingredients of the 
dyonic ISO(7) gauged supergravity. In Sec. jS] we truncate the ISO(7) gauged supergravity 
to the scalar subsector invariant under the SO(3)/j x SO{3)d, list the critical points in this 
sector, and study the mass spectra of the scalar fluctuations around these AdS vacua. In 
Sec. m we uplift the D = A critical points to ZI = 10 and obtain the first Af = 3 solution 
in massive type IIA explicitly. We discuss possible GFT dual of the Af = 3 solution and 


®The notation SO(3 )h should not be confused with the SO(3) R-symmetry, which is in fact associated 
with SO(3 )d. 

'^The SO(3 )_r x SO(3)_d subgroup used here is different from the commonly used SO(3) x SO(3) subgroup, 
in which the first SO(3) refers to the diagonal in SO(3)i x SO(3)2 and the second SO(3) is the diagonal in 
80(3)3 X 80(3)4. 8tationary points of the 80(8) and 80(4,4) gauged maximal Z) = 4 supergravities which 
preserve the commonly used 80(3) x 80(3) subgroup have been uplifted to D = 11 supergravity in |301I31| . 
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conclude in Sec. [5l 

Note Added: While we were preparing this draft, the work m appeared in arXiv and 
it seems to overlap with our paper on the critical points and their spectra analysis in the 
SO{3)d X SO(3)j^-invariant sector. 


2 Dyonic ISO(7) gauged J\f = 8 supergravity 

The D = A gauged maximal supergravity is characterized by the embedding tensor 0 m“ 
which completely specihes the gauging [2]. The embedding tensor enters the Lagrangian 
through the quantity 

Xm = (2.1) 


which satisfies 


[Xm,Nn] = —Xmn^Xp, 


( 2 . 2 ) 


implying a closed algebra. Indices M, N ... transform as the 56 of £ 7 ( 7 ) which decomposes 
into 28©28 of SU( 8 ) or 28©28'of SL( 8 ). The decomposition of the 56 of £ 7 ( 7 ) under SU( 8 ) 
or SL( 8 ) suggests two different bases in which £ 7 ( 7 ) covariant quantities can be formulated. 
In the SL( 8 ) basis, Vm = ^ the pure scalar sector of the 4D gauged 

maximal supergravity is given as 

e-^C = \TT{d^Md^M-^) - -^{Xmn^Xpq^M^^M^^Mrs + 7Xmn^Xpq^M^^), 

o bt Z 

(2.3) 

where is the inverse of AAmn- The latter is constructed from the bilinear of the 

56-bein 

Mmn = {LL^)mn, Li(p)M—= S\ 

with 


’M 


(2.4) 


1 


c JV 

OM = , r- 

— 4^2 


p AB ;t^ 

r ij ir ijAB 


T N 

Tm— = exp 


0 

(jjijkl 


4^ijkl 

0 


(2.5) 


yAAb 

The indices M_,N_ label the 56 irreps realized in the SU( 8 ) basis, and therefore the unitary 
matrix 5t converts the SU( 8 ) basis to the SL( 8 ) basis [ 6 ]. Indices A,B,... are associated 
with the fundamental representation of SL( 8 ) while transform as the 8 of SU( 8 ). 

The 2-gamma matrices comprise the generators of SO( 8 ) in the chiral spinor repre¬ 

sentation. The position of the index is not crucial. Here, we use the same notation as m 
where the convention of the 2 -gamma matrices is given explicitlylf 


®Slightly different from |13| . here we interchanged the dehnition of r 2 and Ft. 
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Dyonic ISO(7) gauged maximal supergravity arises when the electric and magnetic parts 
of the embedding tensor are both nonvanishing. Specifically, Xmn^ takes the form 


V 

^ABM = 


— fABCD 


EF 


vAB N 

A M = 




Jabef^^ 

where Jabcd^^ = 2\/25|®6»b][c- 5^| and q^^ef^^ = in which 

e = g- diag(l 7 , 0), ^ = m • diag( 07 , 1 ). 


g^^EF^^ 


( 2 . 6 ) 

(2.7) 


The inequivalent theories correspond to m = 0 or m 7 ^ 0. The reason [5] is that one can 
use the SL( 8 ) Cartan generator, 


■^red — 




( 2 . 8 ) 


to rescale the electric and magnetic coupling constant {g, m) separately, and the effects of 
Ared on the scalar matrix Mmn can be absorbed by a nonlinear field redefinition. 


3 Truncation to the SO(3)i? x SO{3)d invariant sector 

In this section, we truncate the ISO(7) = SO(7) xR^ gauged theory to its subsector invariant 
under an SO{3)r x SO{3)d group, which is embedded in ISO(7) by the following series: 

ISO(7) D SO(7) D SO(3)ij X SO(3 )l x S0(3) D SO{3)r x [SO(3)l x S0(3)]^ (3.1) 

Here [SO(3 )l x SO(3)] ^ means the diagonal subgroup of SO(3 )l x S0(3), which we denote 
by 80 ( 3)77 in later discussion for brevity. The scalar coset invariant under the SO(3 )r x 
80 ( 3)77 subgroup can be parametrized by the following 8 U( 8 ) complex self-dual d-formlf 

(t>ijkl = (3l COS(Ti$i (/>2COSa2^>2)AB 

-0(01 sin02sin<T2^>2)AB(r*'^^^)AA> ( 3 - 2 ) 

where 

$1 = idiag(-l, -1, -1, -1,1,1,1,1), $2 = diag(0,0,0,0, -1, -1, -1, 3), (3.3) 

®One way of understanding this formula is to treat SO{3)r x 80(3)0 as a subgroup of 80(8). In the of 
notation the gamma matrices, {i,A,A} label the indices of {8s,8v,8c} representations respectively. "hiAs 
and <l?2As break 80(8) into [80(3) x 80(4)]v, while ^iab and ^2Ab break 80(8) into [80(3) x 80(4)]c. 
When i&iAs, '1>2 As, 'I’rASi ‘I’ 2 As ^■'’6 present at the same time, 80(8) is broken into the 80(3)_r x 80(3)d 
subgroup, which is the common subgroup of [80(3) x 80(4)]v and [80(3) x 80(4)|c. 
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and upper and lower 8 by 8 diagonal blocks of the 16 by 16 

4-gamma matrix respectively 


'Y'ijkl _ 




(3.4) 


Substituting the scalar 4-form ansatz into the Lagrangian (j2.3p . we obtain the scalar po¬ 
tential for the SO(3)z) x SO(3)i? invariant sector of the dyonic ISO(7) gauged maximal 
supergravity as 

V = — (cosh (/)2 — cos 02 sinh (f> 2 ) ^ (cos cj 2 sinh (j )2 + cosh 4>2 ) 

64 

X ^196 cos((Ti -|- 3(T2) sinh (/>! sinh^ 4>2 + cos((Ti — 3(T2) sinh (f)i sinh^ (f)2 
-|-35 cos {aI — (72) sinh (f)i sinh 4>2 -|- 467 cos (cJi -|- (T 2 ) sinh (/>! sinh (j )2 
-|-47 cos(cJi — £72) sinh (/)i sinh 3(/>2 — 97 cos(cJi -|- a 2 ) sinh (/>! sinh 2>(j)2 
+4: COS (Ji sinh (/)i cosh (j)2 (28 cos 2a2 sinh^ (f)2 + 47) 

—2 cosh (/)i (28 cos 3(J2 sinh^ (/)2 -|- 101 cos (J 2 sinh (j )2 — 7 cos cj 2 sinh 34>2 
+ cosh (j )2 (200 cos 2(72 sinh^ (j )2 -|- 226) — 50 cosh 34>2 ) 

—28 cos cJi sinh (/>! cosh 34>2 — 768^ 

+gm sin^ (72 sinh^ (p 2 icos a 2 sinh (j )2 — cosh 4 > 2 )^ X (^3 sin ai sinh (pi cosh (/>2 
-|- sinh (j )2 (4 sin (72 cosh (pi — sinh (pi {3 sin (Ji cos <72 + 4 sin (72 cos ai )) 

(cosh (pi — cos (7i sinh (pi) (cosh (p 2 — cos (72 sinh (p 2 )^ ■ (3.5) 


So far we have been focused only on the scalar sector. In fact, the full fledged SO(3)£) x 
SO{3)b invariant sector preserves N = 1 supersymmetry which implies the potential can 
be expressed in terms of a superpotential W, with 


V = 2 


dW 2 2 51F 

d(pi 3 d(p2 



(3.6) 


where 


W = -(cosh — -|- sinh —)^(cosh — — sinh —)^ 

4^2 2 ^ ^ 2 2 ^ 

X ^ cosh ^(7 cosh ^ sinh ^) + e‘°^^(cosh ^ — 76'^^^ sinh ^) sinh 

+^(cosh y - sinh y )(cosh y - sinh y)®. (3.7) 

The location of the critical point depends on m/g, however, as mentioned before, the effects 
due to different m/g can be compensated by a nonlinear field redefinition. Therefore we can 
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choose this ratio to be the one most convenient for our purpose. In finding the locations of 
the critical points, we choose 

m 

— = 2. 3.8 

9 

The scalar potential (13.51) possesses an SO{3)r x SO(3)d invariant stationary point pre¬ 
serving Af = 3 supersymmetry of the original Af = 8 theory which lies outside the residual 
Af = 1 supersymmetry of the truncated theory. In terms of the complexified fields 

= tanh(/)ie'°'\ ^2 = tanh(/)2e^‘^^, (3.9) 

the Af = 3 point is given by 

6 = M (3.10) 

The mass spectrum of the fluctuations around this vacuum has been obtained previously 
in [12] by a group theoretic method without referring to the detailed position of the critical 
point: 

: 1 X (3(1^3)); 6x(1-fV3); 1 x (3(1 - a/3)); 6 x (1 - ^3); 

4x(-^); 18 X (-2); 12 x (-^); 22x0, (3.11) 

where the AdS radius squared Lq = —6lV, V{g = l,m = 2) = —32/y/3. (The integer to 
the left of the multiplication sign indicates the degeneracy of the mass eigenvalue, while the 
number to the right indicates the corresponding mass squared.) There is another Af = 1 
critical point with G 2 global symmetry: 

6=^2 = -^. (3.12) 

To obtain this critical point, we have combined the Newton-Raphson method with the 
“inverse Symbolic Calculator” technique. The mass spectrum of the scalar fluctuations 
around this vacuum is given by 

rr?Ll: 1x(4±a/6); 14x0; 27 x (-i(ll - Vo)), (3.13) 

where the AdS radius squared Lq = —O/R, V{g = l,m = 2) = —512\/3/(25\/5). Besides 
the supersymmetric critical points, there are three more nonsupersymmetric critical points, 
preserving SO(3)/j x SO(3)z), G 2 and SO(7)v global symmetries respectively. The SO{3)r x 
SO(3)_d invariant critical point is located at 

Cl = 0.353669 0.05522671, 6 =-0.02938040.5347291, (3.14) 
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with the mass spectrum given by 


: 1 X (6.72740); 1 x (5.28662); 4 x (-1.96422); 9 x (-1.75110); 

9 X (-1.58816); 1 x (-1.58552); 8 x (-1.17591); 5 x (-0.98271); 

4 X (-0.72962); 5 x (0.62977); 1 x (0.58436); 22 x 0, (3.15) 

where the AdS radius squared Lq = —GjV, V{g = l,m = 2) = —18.662034. The G 2 

invariant point is given by 

6=6=2' 

The associated mass spectrum has the simple structure 

: 2x6; 14 x 0; 54 x (-1), (3.17) 

where the AdS radius squared Lg = —6/14, V{g = l,m = 2) = —32/\/3. It should be 
emphasized that the spectra associated with the nonsupersymmetric SO(3)/j x SO(3)D-and 
G 2 -invariant critical points lie above the Breitenlohner-Freedman (BF) bound. The last 
SO(7)v-invariant critical point is located at 

</>i = 02 =-glogf, ui = 0-2 = 0. (3.18) 

The mass spectrum of the SO(7)v-invariant critical point reads 

: 1x6; 7x0; 35 x (-|); 27 x (-^), (3.19) 

where the AdS radius squared Lg = —6/14, Y(^g = l^rn = 2) = —15 x 56/23. This point 
is unstable against fluctuations as the mass squared of some scalar modes is below the 
BF bound. The scalar mass spectra associated with the two G 2 -invariant critical points 
and the single SO(7)v-invariant point coincide with those given in [7], where the G 2 - and 
SO(7)v-invariant critical points in H = 4 maximal super gravities with all gaugings are 
analyzed. 

Since different choices of mjg are related by highly nonlinear field redefinition, we expect 
that if m/g had been different from 2, the expressions of the critical points will not be as 
neat as the ones given above. 

4 Lifting the 4D critical points to lOD massive type IIA 

Previously, in order to find the exact positions of the critical points, we have set m = 2g 
for convenience. Thus a direct application of the uplift formulas will lead to solutions in 
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massive type IIA supergravity with m = 2 g. To recover the general m-dependence of the 
solution, we utilize two scaling symmetries of the equations of motion of the massive type 
IIA supergravity. In the type IIA Einstein frame conventions of m, these scalings act on 
the fields and the parameter of the theory as follows 

5 

A(i) —>■ rA(i), A( 2 ) —>■ tA( 2 ), A( 3 ) —)• A( 3 ), dsiQ ^ r^dsiQ, ^ r 

A(i) ^ kAi"!), A( 2 ) —)• k^A( 2 ), ^( 3 ) ^ k^A( 3 ), dsiQ —)• K^dsfo, m —)■ —. (4.1) 

tv 

Notice that the second scaling is merely based on the dimensionality. The scaling symmetry 
of the 4D theory (12. 8 p reflects itself in the lOD theory as a combination of the above two 
scalings with r = k = where A is identified as the parameter of Ared (|2.8I) . 

4.1 Supersymmetric SO{3)r x SO(3)l invariant solution in massive IIA 

In terms of the auxiliary coordinates on S® 

/i^ = sin ^ cos 6*1 cos xi, = sin ^ cos 6 *i sin xi, 

= sin ^ sin 6 i cos ip, = sin ^ sin 0 i sin ip, 

= cos ^ cos 02 , = cos ^ sin 62 cos X 2 ; 

= cos sin 6*2 sin X 2 , (4.2) 

which satisfy ~ metric on the round S'® takes the form 

= d^^ + sin^ + cos^ 

= + sin^ ^ (ddi + cos^ didxi + sin^ Oidip"^) + cos^ ^(ddl + cos^ 02d\^)- (4.3) 

To lift the solution of the 4D dyonic ISO(7) gauged supergravity to that in the lOD massive 
type IIA supergravity, we utilize the uplift formulas given in [29], in which the internal 
components of the lOD metric, the dilaton, and various form fields are constructed in terms 
of the SL(7)-covariant blocks of the = 4 scalar matrix Mmn'- 

e-U = -g^^A^An + / 2 .xixjM^^^\ 

Am = ^9^9mnK?jXKM^'^^^, 

-^mn — '^^ 9 pmdA^jdnX A4 i^g, 

^mnp — -Am^np + '^9^9TnqK'ijKnp A4 KLj (4-4) 
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where Kfj = 2g '^g'^^x^jdnXj], = Ag "^d^mXidnjXj. Due to our gamma matrix nota¬ 
tion, {x^} are related to by the similarity transformation 

5 = diag(l,l,l,l,-l,-l,l), (4.5) 


which brings the SL( 7 )-covariant blocks of the D = A scalar matrix Mmn into a form 
invariant under the standard SO( 3 )r x SO{3 )d transformation given in [ 13 ]. 

The lOD solution corresponding to the Af = 3 critical point is then obtained as follows: 

L-^dslo = + gmndy'^dy'^, ( 4 . 6 ) 

where 

A = 3 i 2 ”i(cos 2 ^ + 3 )"HH" 3 , H = ( 24 cos 2 ^-k 3 cos 4 ^ + 37 ), ( 4 . 7 ) 


and the internal metric on the deformed S® is given as 

— sin^ + 8 (cos 2 ^ + 3)dg ■ dg + 4 (cos 2 ^ + 3)du ■ du 


Qmndy^dy^ = ^(AH)-i 


+mg^ifABdg^^^^u^diy^ - 


16 




cos 2 ^ + 3 

where g^'s are the generators of SO( 3 )l embedded in SO( 4 ) ~ SO( 3 )ij x SO( 3 )l, 

/o 0 0 -i\ /ooio\ /o-ioo\ 


,(4.8) 


= 


, d = 


0 0 0 -1 
-10 0 0 
V 0 10 0 / 


g^ = 


0 0-10 
0 10 0 
\i0 0 0 y 

Denote /C® = g^g^^dg^, various p-form fields can then be expressed as 
2 


10 0 0 
0 0 0 -1 
Vo 0 1 0 y 


(4.9) 




cos 2 ^ + 3 




( 4 . 10 ) 


-2 -A 


L-^e 


= -H -1 


— 8du'' A /C* -k 6 sin 2^d^ A + 2(3 cos 2 ^ -k h)v''g\Bdg^ A dg 


B 


-(3 cos 2 ^ + h)X^^v^dv^ A dv^ 


( 4 . 11 ) 


= -H-i 6 sin 2iX^^di A /CV^' A du^ + 2(3 cos 2 ^ + b)X^^v^dv^ A dg^ A 


+ 4 e®^'^/C® A du^ ^du'^ + - csc^ A V A JC^ 

3 


-I-^^(3)- (4-12) 


where dD(3) = vol(^(iS'4) which is the volume element of the “unit” AdS^. Finally, the lOD 
dilaton is given by 

( 4 . 13 ) 




3 \/ 3 (cos 2 ^ + 3 ) 
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Notice that everything is written in terms of S0(3)/j x S0(3 )d invariant quantities (any 
function of ^ is invariant as fi- = sin^ ^ is an invariant quantity ). Here we have introduced 
two constants = 2 “and e^° = 26g6m~e using the scaling symmetries 
(SH). We have checked that our solution satisfies all the equations of motion of massive 
type IIA supergravity in the convention of m- 


4.2 G 2 -invariant solutions in massive type IIA 


In our notation, we can write down the almost complex structure on unit S'® as 

J{2) = ^ Jmndy'^ A dy'^ = /C* A du^ + A dy^ + A (4.14) 

which satisfies also —\J{ 2 ) A J( 2 ) = *qJ{ 2 )- The parallel torsion of J( 2 ) 


IS 


1 


(4.15) 


G(3) - -^dJ^2)- 

Then H^^,) = * 6 ^( 3 ) satisfies the relation 

dHci) = 2J(2) a J( 2 ), (4-16) 

where “* 6 ” is the Hodge dual defined with respect to the S® metric. The uplift of the M = 1 

G 2 -invariant critical point gives rise to the lOD solution 

,_2,.2 -3/25^15^2 ^ I5T8 

L dsiQ — a [ dsj^^gJ + adsge, a — 


256 

e~ 2 ‘^ = 


2 V 2 ’ 


L 2 


2 ‘^“A( 2 ) — 7-1(2'), 


L-^e4‘loi(i) = 0 , 

.-3 J ^rr 25^15 
T 6 4 ^(q-) — + 


128 


(4.17) 


where cIs'^q is the metric of the unit S® given in (14.3p . Again, we introduced = 
2“and e'^° = 2&g6m~& using the scaling symmetries. It is recalled that 
in [33], general A7 = lUj flux compactification of massive type HA string has been analyzed. 


Therefore, our A7 = 1, G 2 -invariant solution should be contained in the discussion of 

The stable nonsupersymmetric G 2 -invariant solution is obtained by uplifting the non- 
super symmetric G 2 -invariant critical point of the Z) = 4 theory and the result is given 
by 


L-^dsl, = a-\^c 


33/8 




= 0 , 

'^°i(2( = -7^(2), T-3e3'^M(3) = -7H(3( + 


e 2 ‘i = e 2 ^°a ^ 


'(3) 




(4.18) 


^Here A/” = 1 means four real supercharges. 
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5 Discussions and conclusions 


In the paper [29] , it has been proposed that the holographic duals of the AdS 4 x (S'® means 
a deformed 6-sphere) backgrounds in massive type IIA are the simplest superconformal held 
theory hrst considered by Schwarz [32|, with a simple gauge group SU(A^), adjoint matter 
and level k. The Romans mass parameter m which gives rise to the magnetic coupling of 
the D = 4 theory has been argued to be related to the Chern-Simons level by [291143] 

m = k/{27ris), (5-1) 

where is is the string length. The M = 2 solutions found in [29ll3^ are conjectured to be dual 
to certain M = 2 Chern-Simons matter theories. Some evidence has been given by matching 
the partitions of the supergravity solutions with those of the conjectured CFT’s [29113^. 

This proposal seems to be natural if one can think of this theory as the IR fixed point of 
the world volume theory on D2-branes probing a flat transverse space, deformed by a Chern- 
Simons term. The Chern-Simons term is induced onto D2-brane by the Romans mass. The 
theory has a superpotential of the form W = TrA[y, Z], which respects the same global 
symmetry as the supergravity solution. An M = 3 theory can be obtained by an RG flow 
from the Af = 2 Chern-Simons matter theory triggered by a relevant deformation ^eTrZ^. 
In the IR, the coefficient e runs to k/ir, and the dimension of Z becomes 1. Since the kinetic 
term of Z becomes irrelevant, one can then integrate out Z, yielding a superpotential of 
the form W = ^Tr[A, T]^ for the remaining two massless chiral multiplets. This is the 
scenario studied in [H] . The resulting IR theory consists of a Chern-Simon gauge field and 
a hypermultiplet encompassing an SU(2 )r x SU(2)f global symmetry. The cosmological 
constant of the Af = 3 solution is smaller than that of the Af = 2 solution, therefore it 
is possible that in the gravity side, the Af = 3 solution can be attained from the Af = 2 
solution via a holographic RG flow. If this is true, it is likely that the holographic dual of 
our Af = 3 solution is the Af = 3 Chern-Simons matter theory mentioned before. 

Some evidence of this proposal can be seen from matching the bulk states of the 4D 
supergravity theory with the first few chiral primary multiplets in the dual CFT. A com¬ 
plete match between the short supergravity multiplets and the short CFT chiral primary 
multiplets requires the knowledge of the full Kaluza-Klein spectrum, nonetheless, we can 
make the first attempt by comparing the spectrum of the 4D supergravity theory with the 
lowest-level chiral primaries. Recall that [T2| in the Af = 3 AdS^ vacuum, the Af = 8 su¬ 
pergravity multiplet decomposes into one short supergravity multiplet DS(2, 3/2,0)s, two 
short gravitino multiplets DS(3/2, 3/2, l/2)s, one long gravitino multiplet DS(3/2, \/3, 0)l 
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and three massless vector multiplets DS(1,1). On the CFT side, the chiral primary mul- 
tiplets (labeled by the quantum number of the chiral primary operator) of the previously 
mentioned AA = 3 CFT was studied in [35]. In their notation, the short supergravity mul- 
tiplet corresponds to the short chiral primary multiplet (|, |,0,0), the two short gravitino 
multiplets correspond to (|,0, |, ^), and the three massless vector multiplets correspond to 
( 1 , 0 , 1 , 1 ). 

As possible future research directions, it should be interesting to look for a D2 brane 
background whose near horizon limit smoothly approaches the Af = 3 solution found in 
the paper. Remember that besides the supersymmetric solutions, we have also found two 
stable nonsupersymmetric critical points which are invariant under SO(3)i{ x SO{3)d and 
G 2 respectively. The stability of these solutions suggests their CFT duals may exist. It 
is therefore very intriguing to ask what kind of CFT could possibly be dual to these non¬ 
supersymmetric AdS backgrounds. 

Diagram [T] exhibits the heights of the cosmological constants for various critical points, 
from which one can guess whether two critical points can be connected by a holographic 
RG flow. It should be interesting to see if one can actually construct domain wall solutions 
interpolating these critical points, which can be useful for studying the 3D CFT. 


Ar= i,G2 

I 

t 

Af= 2,SU(3) X U(l) 


y 

Af=0,G2 


M= 3,SO(3)^ X SO(3); 


Af=0,SO(3)^x SO(3)^ 


Figure 1: List of critical points according to the heights of their cosmological constants. 
The M = 2 point found in [29| is included here. This suggests possible holographic RG 
flows among these critical points. 
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